Harvest and salinity are two important factors of the growth of common reed (Phragmites australis). We here examined the different impact of winter harvest treatment on the Phragmites australis between high and low salinity (mean soil electrical conductivity is 7.87 ms/cm and 0.91 ms/cm) areas in Dongtan wetland of Yangtze River estuary, China. We measured phenology, Shoot density, stem diameter and height, biomass (total, aboveground and belowground biomass) and spike weight. At high salinity areas, harvest significantly inhibited the individual growth of stem height yet enhanced ramet density, and consequently led to an insignificant change in aboveground biomass. The belowground parts of reed were significantly inhibited. The root shoot ratio and the proportion of asexual reproduction decreased significantly. At low salinity areas, however, winter harvest generally has no significant influence on reed growth. Our results suggest that the winter harvest management may cause a decline of reed populations in the long term under condition of high salinity; however winter harvesting can be suggested as a proper management for sustainable utilization of reed communities at low salinity areas.
Introduction
Common reed Phragmites austrilis (Gramimeae), a cosmopolitan species [1] [2] has a great ecological and economic value [3] - [5] . Reed community serves as an important habitat for plants and animals, and live reeds are 3251 used for stabilizing river and canal banks. Reeds are grazed by livestock and harvested for thatching material, fences, coarse mats, baskets, etc. Harvesting as a management of reed community has widely been applied all over the world and plays an important role in maintaining the sustainability of reed community [3] - [5] . However, researches on the effect of harvesting on the regrowth of reed are not consistent. Valkama et al. [5] applied metaanalysis to report that harvesting reduced reed stem height and increased stem density, while not changing aboveground biomass. However, Hasson and Graneli [6] found that winter harvesting caused an almost doubling of shoot production. Asaeda et al. [7] showed that the regrowth of the aboveground biomass declined significantly due to cutting in June but not differed due to cutting in July. Asaeda et al. [7] found that the shoot biomass of June-harvested tended to be lower than July-harvested and no harvest control.
Salinity is an important factor for the growth and distribution of reeds. Rhizome-grown reeds showed an optimum relative growth rate at 5‰ salinity [8] . It is suggested that the relative growth rate of reed was highest at salinity level between 0‰ -1.5‰ [9] and declined rapidly with increasing salinity [10] . Reed shows low mortality at salinity level up to 15‰, higher mortality at 22.5%, and all plants died at salinity of 35‰ [8] [9] . Asaeda et al. [11] found that reed growth was severely retarded by cutting combined with salinity treatment in experimental conditions.
In order to explore an effective management of reed population under the habitats with different salinity levels, we studied the effects of winter harvesting and salinity on the following traits of regrowing reed populations: 1) Phenology; 2) shoot density; 3) biomass and allocation; 4) reproduction; and 5) allometry relationship between stem diameter and height.
Material and Methods

Study Site
Field studies were carried out at the Chongming Dongtan National Nature Reserve (31˚25' -31˚38'N，121˚50' -122˚05'E) on Chongming Island in the Yangtze River estuary, Shanghai, China. The island has a northern subtropical monsoon climate with annual average temperature of 15.3˚C and annual rainfall of 1022 mm [12] . The total area of conservation area is 24,600 ha, and the area of reed population is about 451.8 ha [13] . The Yangtze River is divided into the South and North Branch by Chongming Island (Figure 1) . Saltwater spilling over from the North Branch runs into the South Branch during the dry season [14] , which caused the soil salinity in North of Chongming Island is significantly higher than in South of Chongming Island [15] .
Considering these differences in soil salinity, we chose two sites: one site in North of Chongming Island with higher salinity (HS) area (mean soil electrical conductivity is 7.87 ms/cm), and the other one in South of Changming Island with lower salinity (LS) area (mean soil electrical conductivity is 0.91 ms/cm) (Figure 1 ). Reeds were harvested every year in winter at these sites. Winter harvesting (H) and unharvesting (UH) treat- Figure 1 . The sketch map of study sites. ments were randomly assigned in the two study areas. Every treatment had four replicate plots (20 m × 20 m). Twelve replicate quadrats (50 cm × 50 cm) were established in each plot on November 2011. The quadrats were spaced 1 m apart, and positioned 1 m from the edge of the plot to limit edge effects. Reeds were harvested by using a hand-held trimmer on November 2011. Stubble height was about 5 -10 cm.
Sample Collection
Phenological observation Three 50 cm × 50 cm quadrats were chosen in each plot, to record the phenological phase during a reed growing season. The phenological observations covered 7 phenophases (germination, leafing, elongation, booting, heading, fructescence and withering) (Figure 2 ) [16] [17] . When 10% of the plants reached the growth period, we considered initiation of phenophase [16] [17] .
Shoot density Three 50 cm × 50 cm quadrats were used for repeated recordings of reed population density in each plot.
Stem diameter and height Three 50 cm × 50 cm quadrats were used for measured stem diameter and height in each plot. 10 plants were randomly selected and collected in each quadrat on 15 May 2012.
Biomass Three 50 cm × 50 cm quadrats were used for measuring spike weight in each plot. Five spikes were randomly selected and collected in each quadrat on 4 November 2012. At fructescence, the spike of each shoot was isolated in a nylon bag (100 mesh). At wilting period, spike together with bag were collected and dried at 60˚C to constant weight in a drying chamber and weighed.
Biomass which only kept all live parts and removed all the dead parts was collected on 15 September 2012 (the late vegetative growth, before reproductive growth). Aboveground biomass was taken from the area of 50 cm × 50 cm at per plot. Belowground biomass was taken using a core-sampling method at the middle of the 50 cm × 50 cm quadrats where the aboveground biomass was collected. The soil cores were 15 cm in diameter and 60 cm in length. The belowground biomass columns were divided into a 0 -20 cm topsoil layer, 20 -40 cm deep soil layer and 40 -60 cm deeper soil layer for comparing the differences of belowground biomass in different depth of soil. All the samples were washed in clean water by sieve with a mesh size of 0.45 mm. Live and dead matter were distinguished by color and texture [18] [19] . Live rhizomes and roots were pearl white, translucent, and fairly rigid. Dead matter was duller gray and flaccid. All biomass were dried at 60˚C to constant weight in a drying chamber and weighed.
Root shoot ratio belowground biomass aboveground biomass = .
( ) Reproduction allocation individual spike biomass individual plant biomass 100% = × .
Statistical Analyses
We used two-way ANOVA to evaluate the effects of salinity and harvest treatment on biomass, root shoot ratio, stem height and diameter, spike weight. Data were log-transformed to homogenize variances. Tukey's HSD was used for comparing between harvest treatments. Allometric growth relationship between stem height and stem diameter was described by the classic allometric equation y x 
Phenology and Population Density
Winter harvesting affected the phenology differently in the context of salinities (Figure 2) . At high salinity, germination stage increased by 5 days; leafing stage delayed by 5 days and shortened by 5 days. At low salinity, leafing stage shortened by 5 days and elongation started 5 days earlier. Both harvesting and salinity had no effects on phenology after elongation stage. The dynamic of shoot density showed a unimodal pattern. The peak value appeared at leafing stage (Figure  3) . At high salinity, shoot density was higher in harvested sample than in control between germination and elongation stage; and on the contrary after elongation stage. At low salinity, shoot density was higher in harvested sample than in control during the whole growing season.
Biomass Allocation and Reproduction
Effects of winter harvest on biomass accumulation and allocation significantly differed between low and high salinity. Total biomass significantly decreased by harvesting (−34.7%, P < 0.05) at high salinity, but did not differ significantly (P > 0.05) at low salinity (Figure 4) . The aboveground biomass did not differ significantly between harvest and un-harvest treatment regardless of salinity. Belowground biomass significantly decreased by harvesting (−57.3%, P < 0.01) at high salinity. Belowground biomass decreased significantly in both the layer of 0 -20 cm (−70.4%) and 20 -40 cm (−85.0%), but was not affected by harvesting in the layer of 40 -60 cm at high salinity area. At high salinity areas, root shoot ratio was significantly reduced by harvesting (−63.5%). At low salinity, however, all of the parameters were not affected by harvesting as shown in Figure 4 and Figure 5 .
Harvesting had no significant effects on spike weight and reproduction allocation regardless of salinity (Figure 6 ).
Allometric Relationship of Stem Height and Diameter
Phragmites australis plants showed simple allometric relationships between height and diameter at all treatments. The slope of allometric relationship was significantly lower than 1 (95% confidence interval [CI] 0.47 -0.76 and 0.56 -0.80 at high and low salinity, respectively) at un-harvest treatment, but not significantly different from 1 (95% CI 0.64 -1.05 and 0.74 -1.03 respectively) at harvest treatment (Figure 7) .
Discussion
Our result demonstrated that the effects of winter harvest on Phragmites australis phenology were different at different salinity areas. Winter harvest placed effects on lengthening germination stage and shortening leafing stage at high salinity areas, while shortening leafing stage at low salinity areas.
Furthermore, we demonstrated that the effects of winter harvest on biomass accumulation and allocation de- pend on soil salinities. Total biomass, belowground biomass and root shoot ratio were reduced significantly by winter harvest at high salinity areas, but not at low salinity areas. A negative response to salt stress is typically demonstrated where reduced growth occurs as a result of energy diversion from meristematic new growth to maintenance of osmotic balance [20] [21] . High concentrations of salt in the root zone considerably reduced water uptake [22] . When combined the effect of salinity and winter harvest, growth of reed would restrict further [11] . We also found that winter harvest did not affect the aboveground biomass of reed plants, which is similar with previous studies [5] [23] .
Analysis of belowground biomass at different soil depth revealed that effect of harvest on belowground biomass was mainly at topsoil roots of high salinity areas. Biomass in both the layer of soil depth 0 -20 cm and 20 -40 cm significantly decreased at high salinity areas. This was because the activity of reed upper roots had a closer relationship with the growth [24] .
High root shoot ratio indicated that more resource allocations were used for shoot development to benefit reed survival competition after harvest treatment at high salinity area. Yang et al. [24] found when reed grew a given period, photosynthetic was translocated to rhizomes. Belowground biomass reduced by winter harvest at high salinity areas, which indicated reed allocated more resource to shoots, and less matter stored at belowground biomass under the combined stresses of harvest and high salinity.
Here we found that spike weight and reproduction allocation was not affected by high or low salinity areas. This result was inconsistent with study of Asaeda et al. [11] . They found that no panicles were formed in saltwater-treated cut plants, and the number of panicles reduced in fresh-water-treated cut plants.
Observation of population density demonstrated effects of harvest and salinity on the belowground biomass well. (Our data showed that) population density decreased first (pre-elongation stage) and then increased (postelongation stage) by harvest treatment at high salinity areas. However, population density was higher at harvest treatment than un-harvest treatment all growing season at low salinity areas. There are abundant energy-rich compounds that provide energy for growth and development of reed rhizome buds such as carbohydrate and protein and so on in reed rhizome [7] [25] .
The relationship between stem height and diameter was altered by harvest treatment no matter at high or low salinity areas. The slope of relationship between stem height and diameter was less than 1, which indicated that height grew more rapidly than the diameter [26] . However the results of 95% CI showed that harvest treatment changed the relationship from allometric growth to isometric growth. Previous studies [27] [28] found that plant allometry is altered by competition. Relationships between plant height and stem diameter usually was linear (simple allometry) in uncrowned stands, but curvilinear or discontinuous in crowded stands. In our study, population density was higher at harvest areas than un-harvest areas in May (elongation stage). Population density M. Y. Huang et al. 3256 can alter the growth and form of plants [27] [29] through modifying the amount of resources available to individuals within a population.
However our result was inconsistent with study of Güsewell [30] . He found that allometric relationships between shoot length and diameter did not differ between cut and control plots. The difference may be due to the reason that the number of shoots per unit area was reduced in the re-growth after mowing in his study.
In conclusion, the effects of winter harvest management on reed growth varied under different salinity conditions. We suggest that winter harvest management would probably cause a decline of reed populations in the long term under high salinity condition; however it can also be as a proper management mode for sustainable utilization of reed communities at low salinity areas.
